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Abstract: Multifunctional optical meta-surfaces (MOMS) can simultaneously deliver anti-reflective function with high thermal stability and anti-fouling behavior due to its monolithic nature (e.g., no CTE mismatch) and low dust adherence, respectively. Due to the incompatibility of semiconductor micromachining with non-planar substrates, MOMS have only been demonstrated in polymeric lenses. In this paper, a new method of conformal electrochemical nanoimprinting is presented to directly micromachine a nature-inspired sharklet pattern onto a silicon lens as both an anti-reflective and anti-fouling surface. Uniquely, this approach uses gold-coated patterned porous membranes that are used as stretchable catalytic stamps that can be inflated in conformal contact against a non-planar substrate. With the advent of design methodologies for 3D optical metasurfaces, MOMS may now be extended into lenses made of silicon, and potentially other inorganic semiconductors for applications in infrared imagining in harsh environments.   

Introduction

Owing to the limitations poised by many of the traditional indirect micromachining processes for silicon, there is a need to demonstrate the microfabrication of freeform micro and nanostructures for multifunctional optical components. The realization of metal assisted chemical imprinting (Mac-Imprint) has proven to be a technique in patterning of semiconductors with complex 3D hierarchical structures having sub-100 nm resolution. Mac-Imprint is a direct method that combines the underlying metal assisted chemical etching (MACE) mechanism and nanoimprint lithography (NIL) in patterning silicon. In this technique, a novel class of large-area catalytic stamp made of Au-coated porous polymers is presented.

Results

Such stamps are assembled in a bilayer structure composed of porous PVDF with nominal pore sizes of 100 nm and a solid PI acting as backing film. Next, it is brought in contact with silicon substrate in the presence of an etching solution (HF and H2O2) at an optimal ratio of oxidizing and reducing agents. Although Mac-imprint offers great potential in patterning 3D hierarchical microstructures, it is plagued with the issue of tip and tilt misalignment during plate-to-plate imprinting. Also, the plate-to-plate set-up is limited to only flat surfaces like the traditional waver-based microfabrication processes. To circumvent this issue, a conformal Mac-Imprinting system was devised (see figure 1), featuring an Au-coated, flexible, and lightly stretchable stamp. This novel system design was inspired by the work of Ji et al. in nanoimprint lithography in which a flexible stamp makes contact with the polymeric substrate with the aid of air pressure. This novel system design not only facilitates Mac-Imprint on planar surfaces but also enables the process to be carried out on non-planar surfaces with curvilinear geometries.
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Figure 1. Concept of Conformal Electrochemical Nanoimprinting of Silicon
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